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Successful mammalian development requires both the male and female genomes. This is due in part to genomic imprinting,
which results in offspring inheriting only one functional copy of a gene from either the mother or the father. Evidence
suggests that this specialization of the parental genomes is established during gametogenesis when the imprint pattern
inherited from the parent is switched to re¯ect the sex of the progeny. We used reverse transcription±PCR to analyze the
allele-speci®c expression of Igf-2, Igf-2r, and H19 in the testes and ovaries of mice derived from an interspecies cross
between Mus musculus and Mus spretus. Because of genomic imprinting, Igf-2 is expressed only from the paternal allele
and Igf-2r and H19 only from the maternal allele, in most tissues. Although allele-speci®c expression was maintained in
the neonatal testis and ovary, relaxation of imprinting was detected by 7 days after birth in the male and continued during
testis development. In the female, relaxation of the Igf-2 and Igf-2r parental imprints was observed in the adult ovary and
oocyte. These results (1) indicate that imprinted expression is relaxed during gametogenesis, presumably as a consequence
or prerequisite of the imprinting mechanism, and (2) predict a subsequent imprinting event after which the allele-speci®c
expression of Igf-2, Igf-2r, and H19 re¯ects the parent of origin. q 1995 Academic Press, Inc.
INTRODUCTION lian embryogenesis. Evidence suggests that the specializa-
tion of the parental genomes is established during gameto-
genesis when the parental genomes are epigenetically modi-Although viable spontaneous parthenogenesis is observed
®ed to re¯ect the parent of origin (Swain et al., 1987; Suraniin other classes of vertebrates, successful mammalian de-
et al., 1988; Chaillet et al., 1991). Thus, the effect of gameto-velopment requires both the male and female genomes (Bar-
genesis is to switch the parent-of-origin imprints inheritedton et al., 1984; McGrath and Solter, 1984; reviewed by
from the previous generation so that males transmit onlyGold and Pedersen, 1994). The basis for the developmental
the paternal imprint and females transmit only the mater-failure of isoparental embryos has been attributed to the
nal imprint to the next generation.epigenetic modi®cation or imprinting of speci®c genes. De-
Imprint switching has been observed for a number of en-spite the accumulation of experimental evidence for geno-
dogenous genes, as well as several transgenes (reviewed bymic imprinting, the primary mechanism of imprinting re-
Reik, 1992; Gold and Pedersen, 1994), three of which havemains elusive. Although the identi®cation of the mecha-
been extensively studied in the mouse and human. Insulin-nism of genomic imprinting is important, analysis of the
like growth factor 2 (Igf-2), the ®rst endogenous gene associ-developmental regulation of imprinting is also essential to
ated with an imprinted phenotype, is preferentially ex-understand the consequences of differential gene expression
pressed by the paternal allele (DeChiara et al., 1991) duringon cellular and genetic processes involved in early mamma-
development. However, contrary to evidence that Igf-2 ex-
pression is imprinted as early as the 2-cell stage (Rappolee
et al., 1992), a recent study concludes that parthenogenetic/1 To whom all correspondence should be addressed at The Babra-
gynogenetic embryos containing only maternally derivedham Institute, Laboratory of Developmental Genetics and Im-
chromosomes express Igf-2 mRNA throughout preimplan-printing, Babraham Hall, Babraham, Cambridge, United Kingdom
CB2 4AT. Fax: (01223) 836481. tation (Latham et al., 1994). The H19 gene maps to the
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distal region of chromosome 7, approximately 90 kb down- Reverse Transcription (RT)±PCR
stream of Igf-2; however, despite their proximity, H19 is
mRNA from 25±30 oocytes and mRNA (100 ng) from
oppositely imprinted, with the paternally inherited allele
tongue, testes, and ovaries was reverse transcribed into
transcriptionally silent (Bartolomei et al., 1991). Although
cDNA as described by Rappolee et al. (1988a,b). Three mi-
H19 encodes one of the most abundant mRNAs in the devel-
croliters of the RT reaction mixture was ampli®ed with 2.5
oping embryo, with high levels in endodermal and mesoder-
units of AmpliTaq polymerase (Perkin±Elmer, Norwalk,
mal tissues, expression is restricted to skeletal muscle in
CT) in a ®nal volume of 50 ml containing 10 mM Tris±HCl
the adult. The Igf-2r gene maps to chromosome 17 within
buffer (pH 8.3), 1.5 mM MgCl2 (Igf-2r), 3.0 mM MgCl2 (H19the T-associated maternal effect (Tme) deletion. When the
and Igf-2), 50 mM KCl, 1 mg acetylated bovine serum albu-
Tme locus deletion is maternally inherited, Igf-2r expres-
min, 0.25 mg of each sequence-speci®c primer, and 2.5 mM
sion is absent, indicating that the paternally inherited Igf-
each dNTP (Pharmacia). cDNA sequences were ampli®ed
2r gene is imprinted to be inactive (Barlow et al., 1991).
by PCR for 35±40 cycles in a DNA thermal cycler (Perkin±
Erasure of imprinting during gametogenesis is presumed
Elmer) programmed for a 947C denaturation; 57.47C (Igf-2r),
to be a prerequisite for the establishment of parent-speci®c
61.17C (H19), and 627C (Igf-2) annealing, and 727C primer
imprints in the gametes. Because the mechanism of im-
extension step for each cycle. Primer pairs generated by
printing is not known, it is not possible to observe the
PCR Mate (Applied Biosystems, Foster City, CA) are as fol-
changes that presumably alter the transcriptional potentials
lows: Igf-2r, 5*ATGATGACAGCGACGAAGACC3* and
of the parental genomes. However, by distinguishing be-
5*AAACCTAGGCACTCAGGGACC3*; H19, 5*GAATTC-
tween maternal and paternal transcripts, it is possible to
AAACAGGGCAAGATGGGGTCA3* and 5*GAATTC-




Using an interspeci®c hybrid approach, we analyzed the
GTATCTGGGGAA3* (Dull et al., 1984). Each sample was
allele-speci®c expression of Igf-2, Igf-2r, and H19 to deter-
also ampli®ed by using Gapdh primers to verify mRNA
mine whether modi®cation of the inherited imprint is re-
yield and production of cDNA. The Gapdh primer se-
¯ected in altered expression of the parental alleles during
quences are: 5*TGATGACATCAAGAAGGTGGTGAAG3*
gametogenesis. The developmental stages selected for anal-
and 5*ATGGCCTACATGGCCTCCAAGGA3*. The ab-
ysis were chosen to delimit the onset of meiosis and sperma-
sence of PCR product from total mRNA that had not been
togenesis in males and of oocyte growth and maturation in
reverse transcribed indicated the absence of contaminating
females. Although the mechanisms of imprinting are not
genomic sequences.
yet known, we provide functional evidence for the ``era-
sure'' of imprinting in the male and female germ line.
Species-Speci®c Restriction Enzyme Digestion
of PCR Products
PCR products were digested with restriction enzymes
MATERIALS AND METHODS that produced restriction fragment length polymorphisms
(RFLPs) speci®c to each species to determine their parental
origin. All restriction fragments were resolved electropho-RNA Isolation
retically on 8% polyacrylamide gels. The ampli®cation of
nonspeci®c DNA bands was consistent and did not interfereTongue RNA was isolated from Day 1 neonate progeny
with our analysis.of Mus musculus (C57BL/6J) and Mus spretus (Jackson Labo-
ratories, Bar Harbor, ME). Testes RNA was collected from
neonatal, 7-, 17-, and 30-day-old F1 hybrids generated by Relative Quanti®cation of Derepressed Allele
crossing M. musculus females and M. spretus males.
Poly(A)/ mRNA was prepared by using FastTrack (In- To determine the relative level of Igf-2, Igf-2r, and H19
RNAs transcribed from the relaxed parental allele, we per-vitrogen, San Diego, CA). mRNAs from pooled ovaries and
25±30 oocytes were collected from F1 hybrids of the same formed RT±PCR with known ratios of M. musculus to M.
spretus RNAs in a total of 1 mg as described by Villar andinterspeci®c cross and prepared by using the polyATtract
System 1000 from Promega (Madison, WI). For release of Pedersen (1994b). The digested PCR products ampli®ed
from known ratios of input RNA were electrophoresed inoocytes, ovaries were pressed through nylon mesh (mesh
size 20±30 mm) by using a rounded glass rod in a petri dish 8% polyacrylamide gels, stained with ethidium bromide,
photographed with Polaroid type 55 positive±negative ®lm,containing ¯ushing medium-I (Spindle, 1990). Germinal
vesicle oocytes free of contaminating cells were pooled and and scanned by laser densitometry (Molecular Dynamics,
Mountain View, CA). The band intensities were quanti®edrinsed in medium. Naturally ovulated eggs were recovered
from oviducts of virgin females by using the ¯ushing by Molecular Dynamics ImageQuant software to determine
the percentage of species-speci®c fragments relative to themethod described for cleavage stages (Spindle, 1990). Treat-
ment with hyaluronidase was not necessary. total PCR product. The percentage of PCR product gener-
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the ®rst wave of spermatogenesis is known. Premeiotic
cells, referred to as spermatogonia, populate the testis up
to 6 days after birth (McLaren, 1984). In the mouse, meiosis
begins approximately 10 days postpartum (dpp), and after
18 to 19 days the two meiotic divisions begin to reduce the
4N DNA content in primary spermatocytes to N level in
round spermatids (BellveÂ et al., 1977). Thus, by examining
prepubertal testes it is possible to determine the temporal
regulation of allele-speci®c expression during gameto-
genesis.
We predicted that the consequence of altered imprinting
patterns in the male germ line would be re¯ected in changes
FIG. 1. PCR products of Gapdh (internal control), Igf-2, Igf-2r, in expression of the imprinted Igf-2, Igf-2r, and H19 genes.
and H19 during spermatogenesis and oogenesis. One-®fth of each
To identify the parent of origin of speci®c transcripts, wePCR reaction was resolved electrophoretically on 1.5% agarose gels
used mRNA phenotyping, as previously described (Villarafter ethidium bromide staining. GV, germinal vesicle.
and Pedersen, 1994a), to determine the imprinted expres-
sion of Igf-2, Igf-2r, and H19 genes from hybrid progeny
derived by an interspeci®c cross between M. musculus and
ated by the M. musculus-speci®c fragments (for Igf-2) and
M. spretus. Sequence differences between these two species
M. spretus-speci®c fragments (for Igf-2r and H19) was then
generated diagnostic RFLPs that were used as parental al-
compared with the species-speci®c fragment from known
lele-speci®c markers. Single base pair differences generated
ratios of RNA to estimate the relative level of maternal and
an M. spretus-speci®c MboI site and an M. musculus-spe-
paternal transcripts in the testis, ovary, and oocyte at each
ci®c AluI site in Igf-2, an M. spretus-speci®c ScrFI site in Igf-
stage of development.
2r, and an M. spretus-speci®c BsrI site in H19, in addition to
other restriction sites common to both species. We con-
RESULTS trolled for the possibility of genomic contamination by run-
ning concurrent PCR reactions of RNA samples that hadImprinted Gene Expression during Gametogenesis
not been reverse transcribed. These controls invariably gave
Although nuclear transplantation studies and transgene negative results (data not shown). In addition, the primers
methylation patterns predict that the inherited imprints are were designed to ¯ank an intron, so that any contaminating
switched during gametogenesis or shortly after fertilization, DNA would yield a unique, larger PCR product.
the concomitant erasure of imprinted gene expression, pre- The Igf-2 PCR product was digested with MboI to produce
sumably a prerequisite for these changes, has not been dem- restriction fragments unique to M. musculus (255 bp) and
onstrated. Although mRNA phenotyping permits the detec- M. spretus (223 and 32 bp) (Fig. 2A) or with AluI to produce
tion of allele-speci®c expression, the analysis is limited to M. musculus-speci®c (110, 113, and 32 bp) and M. spretus-
those tissues or cells that express the gene of interest. speci®c (110 and 145 bp) fragments (data not shown).
Therefore, we ®rst determined whether Igf-2, Igf-2r, and The Igf-2r PCR product was digested with ScrFI to pro-
H19 were expressed in developing testes, neonate and adult duce restriction fragments corresponding to M. musculus
ovaries, and oocytes. The Igf-2 primer pair used to detect (400 and 264 bp) and M. spretus (339, 264, and 61 bp) (Fig.
the presence of Igf-2 mRNA (cDNA) ampli®ed a 255-bp 2B). RFLP analysis of the H19 PCR product yielded M. mus-
PCR product. Primer pairs for Igf-2r and H19 ampli®ed a culus (217, 152, 138, 127, 78, and 43 bp) and M. spretus
668- and a 755-bp PCR product, respectively. The identity (217, 138, 127, 101, 78, 51, and 43 bp) fragments after diges-
of PCR products was veri®ed by sequencing. Igf-2 and Igf- tion with BsrI (Fig. 2C).
2r expression was detected in neonate and adult ovaries, in In the neonatal premeiotic testes, the mRNA phenotypes
primary oocytes, and in neonate and developing testes (Fig. of Igf-2r and H19 corresponded to the M. musculus (mater-
1). In contrast, H19 expression was tissue-speci®c, with ex- nal) allele, whereas the restriction fragments of Igf-2 resem-
pression observed at all stages of testis development but bled the mRNA phenotype of the M. spretus (paternal) al-
restricted to the neonate ovary in the female (Fig. 1). Thus, lele. Therefore, at this stage of development, the monoal-
mRNA phenotyping was applicable to analysis of allele- lelic expression of Igf-2, Igf-2r, and H19 in testis, which
speci®c expression of Igf-2, Igf-2r, and H19 during gameto- contains mitotic germ cells, resembled the imprinted pat-
genesis, with the exception of H19 in the adult ovary and tern of expression of these genes observed in somatic tis-
oocyte. sues. At 7 dpp, when the ®rst wave of spermatogonia enters
meiosis, expression from the somatically silent alleles of
mRNA Phenotyping Analysis of Igf-2, Igf-2r, and Igf-2, Igf-2r, and H19 was detected (Figs. 3A±3C). As the
H19 in the Testis testes matured, 17-dpp mice provided a means to examine
the allele-speci®c expression of Igf-2, Igf-2r, and H19 in aThe mature testis contains a diverse number of cell types,
but the temporal appearance of successive cell types during population of cells undergoing events up to and including
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FIG. 2. Restriction map of PCR products: (A) Igf-2 digested with MboI and AluI; (B) Igf-2r digested with ScrFI; (C) H19 digested with
BsrI. Unique enzyme restriction fragments are in outline font, and unique fragment sizes (bp) are in bold.
meiosis. At this stage of development, we observed an in- By 30 dpp, when the haploid round spermatid differenti-
ates to the mature spermatozoon, the ®rst wave of sperma-crease in the relative level of expression from the paternal
allele of Igf-2r and H19 and from the maternal allele of togenesis has nearly been completed and the germ cell com-
ponent of the testis is 80% (Norris et al., 1994). The levelIgf-2.
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of expression in the testis from the somatically repressed
alleles of Igf-2, Igf-2r, and H19 continued to increase relative
to the other parental allele, presumably because of the sub-
sequent waves of germ cells passing through spermatogene-
sis (Figs. 3A±3C). Although it is formally possible that era-
sure of the imprints observed in the testes was due to the
somatic component rather than to the germ cells, it is not
likely, given the general maintenance of imprinting in other
somatic tissues (Villar and Pedersen, 1994a,b).
To determine the relative expression of the parental al-
leles during spermatogenesis, we performed RT±PCR by
using known ratios of M. musculus and M. spretus RNA in
a total of 1 mg RNA. Densitometric analysis was performed
by using ImageQuant software to determine the percentage
of species-speci®c fragments relative to the total PCR prod-
uct. The level of maternal expression relative to paternal
expression for Igf-2 and the level of paternal expression rela-
tive to maternal expression for Igf-2r and H19 are summa-
rized in Table 1. In each case, expression from the somati-
cally silent allele increased to 10±35% of the total PCR
product or approximately one-ninth to two-thirds that of
the expression from the opposite parental allele during tes-
tis maturation.
mRNA Phenotyping Analysis of Igf-2 and Igf-2r
in the Ovary
In the mouse, oogenesis begins with the formation of the
primordial germ cells in the 8-day-old embryo (McLaren,
1984). By 11 days after fertilization, some of the primordial
germ cells have migrated from the hindgut to colonize the
presumptive gonad. The oogonia undergo a last round of
DNA synthesis before entering meiotic prophase at 14 days
after fertilization. The primary oocytes enter the dictyate
stage at 5 dpp and remain arrested in the ®rst meiotic pro-
phase until just before ovulation. In the neonate ovary, the
mRNA phenotypes of Igf-2r corresponded to the M. muscu-
lus (maternal) allele, whereas the restriction fragments of
Igf-2 corresponded to the M. spretus (paternal) allele. There-
fore, at this stage of development, we observed maintenance
FIG. 3. mRNA phenotyping analysis of Igf-2, Igf-2r, and H19 PCR of imprinting in the neonate ovary, similar to that seen in
products from tongue RNA of M. musculus, M. spretus, and
somatic tissues (Figs. 3A±3C). In contrast, both parentalmRNAs from F1 hybrid (M. musculus females 1 M. spretus males)
alleles of Igf-2 and Igf-2r were expressed in the adult ovary.testes, ovaries, and oocytes. Allele-speci®c Igf-2, Igf-2r, and H19
To determine whether the relaxation of imprinting was duemRNA from 1- (neonate)-, 7-, 17-, and 30-dpp male mice and neo-
to the germ cell component or to the somatic component,nate and adult female mice was detected by means of restriction
we examined the allele-speci®c expression of Igf-2 and Igf-enzyme digestion to generate species-speci®c RFLPs. (A) Igf-2 PCR
products digested with MboI. (B) Igf-2r PCR products digested with 2r in germinal vesicle oocytes isolated from adult ovaries
ScrFI. (C) H19 PCR products digested with BsrI. Lane 1, tongue and ovulated oocytes. mRNA phenotyping revealed expres-
RNA from M. musculus; lane 2, tongue RNA from M. spretus; lane sion from both parental alleles of Igf-2 and Igf-2r, demon-
3, equal amounts (0.5 mg) of tongue RNA from M. musculus and strating relaxation of their opposite imprints. Because the
M. spretus. Testis mRNA: lane 5, 1 day (neonate); lane 6, 7 day; female germ cells enter meiosis during gestation and arrest
lane 7, 17 day; lane 8, 30 day. Ovary and oocyte mRNA: lane 9,
in prophase of meiosis shortly after birth, it is possible thatneonate ovary; lane 10, adult ovary; lane 11, germinal vesicle oo-
the erasure of the parental imprint occurred before this stagecyte; lane 12, ovulated oocyte. The molecular size marker (lane 4) is
of gametogenesis, as was observed in the testes, perhapsDNA molecular weight marker V pBR322 DNA-HaeIII (Boehringer-
between the onset of meiosis and the completion of oocyteMannheim, Indianapolis, IN). Arrowheads indicate the maternal-
growth. To determine the relative level of transcriptionspeci®c (for Igf-2) and paternal-speci®c (for Igf-2r and H19) enzyme
restriction fragments. from the somatically silent allele in the ovary and oocytes,
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TABLE 1
Relative Expression of the Parental Alleles during Gametogenesis in Testesa
Neonate testis d.7 d.17 d.30
M P M P M P M P
Igf-2 Ð /// (/) /// / /// // ///
(0.0) (1.0) (0.19) (0.81) (0.22) (0.78) (0.35) (0.65)
Igf-2r /// 0 /// (/) /// / /// //
(1.0) (0.0) (0.88) (0.12) (0.85) (0.15) (0.78) (0.22)
H19 /// 0 /// (/) /// / /// //
(1.0) (0.0) (0.91) (0.09) (0.86) (0.14) (0.81) (0.19)
a Ratios of densitometric band intensities (arbitrary units). M, maternal allele expression relative to total expression; P, paternal allele
expression relative to total expression. Ð, no detectable expression; (/), /, slight expression; //, moderate expression; ///, abundant
expression.
we compared the level of maternal expression relative to Beechey, 1979; Cattanach and Kirk, 1985; Beechey and
Searle, 1987; Pedersen et al., 1993). This phenomenon haspaternal expression for Igf-2 and the level of paternal expres-
sion relative to maternal expression for Igf-2r. Densitomet- been attributed to the differential expression of the mater-
nal and paternal chromosomes, the implication being thatric analysis was performed by using ImageQuant software
to determine the percentage of species-speci®c fragments there are speci®c genes that are preferentially expressed
when inherited from one parent but not from the other.relative to the total PCR product. These results are summa-
rized in Table 2. In the adult ovary, expression from the To investigate the developmental regulation of germ line
imprinting in the male and female, we analyzed the allele-somatically silent allele was 40% of the total PCR product
or approximately two-thirds that of the expression from speci®c expression of H19, Igf-2r, and Igf-2 by using mRNA
phenotyping, an approach applicable to the developmentalthe opposite parental allele. Both the germinal vesicle and
ovulated oocytes expressed the parental alleles equally. and tissue-speci®c analysis of imprinted genes. Igf-2 and
H19 map approximately 90 kb apart on the distal region of
chromosome 7 (Zemel et al., 1992), whereas Igf-2r maps to
chromosome 17. Transmission of Igf-2 through the femaleDISCUSSION
germ line results in its repression, whereas Igf-2r and H19
gene expression is silenced when transmitted through theThe relative importance of the male and female gamete
male germ line.for subsequent development and the nature of the interac-
mRNA phenotyping analysis of neonatal testis and ovarytion between parental genomes remain basic questions in
RNAs con®rmed the exclusive maternal expression of Igf-developmental biology. Despite the egg and sperm each car-
2r and H19 and the exclusive paternal expression of Igf-2,rying a complete set of genetic blueprints, the uniparental
similar to somatic tissues. In the prepubertal male, exami-inheritance of whole or portions of particular autosomal
chromosomes results in abnormal development (Searle and nation of 7-dpp testes mRNA revealed that expression from
TABLE 2
Relative Expression of the Parental Alleles during Gametogenesis in Ovaries and Oocytesa
Neonate ovary Adult ovary GV oocyte Ovulated oocyte
M P M P M P M P
Igf-2 Ð /// // /// /// /// /// ///
(0.0) (1.0) (0.46) (0.54) (0.51) (0.49) (0.47) (0.53)
Igf-2r /// 0 /// // /// /// /// ///
(1.0) (0.0) (0.63) (0.37) (0.59) (0.41) (0.61) (0.39)
H19 /// Ð Ð Ð Ð Ð Ð Ð
(1.0) (0.0)
a Ratios of densitometric band intensities (arbitrary units). M, maternal allele expression relative to total expression; P, paternal allele
expression relative to total expression. GV, germinal vesicle. Ð, no detectable expression; ///, abundant expression.
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both parental alleles correlated with the onset of meiosis the absence of tissues that produce this RNA, this explana-
tion does not account for the lack of Igf-2 expression. In fact,and continued during testis maturation. In the adult ovary
and oocyte, Igf-2 and Igf-2r were also expressed by both the inactivation of H19 has been demonstrated to result
in the loss of Igf-2 imprinting, as seen in Wilms' tumorparental alleles. However, because female germ cells enter
meiosis during gestation and arrest in prophase of meiosis, (Steenman et al., 1994). Bartolomei et al. (1991) have sug-
gested that the opposite imprinting of Igf-2 and H19 is ait is not clear whether the relaxation of the parental imprint
occurred before or during the maturation of the germinal consequence of a competitive cis interaction between these
genes for common transcription factors. If these factors arevesicle stage. Assuming that the germ cells of the fetal go-
nad actively transcribe Igf-2 and Igf-2r, further studies will contributed exclusively by the paternal genome, we propose
that the deregulation of the Igf-2 and H19 imprints in thereveal whether the imprint is erased during the onset of
meiosis in the female germ line. teratomas may be due in part to the absence of transcription
factors that are themselves imprinted. Therefore, it is possi-Although the mechanism of imprinting is unknown, it
most likely involves the differential protection and/or en- ble that biparental interactions are required not only for the
expression of Igf-2 and H19 but also for proper manifesta-hancement of hypersensitive sites that affect promoter
function. The differential chromatin condensation of the tion of the Igf-2 and H19 imprints.
In summary, our results indicate that imprint switchingmaternal and paternal pronuclei observed in mouse zygotes
may be a re¯ection of such epigenetic modi®cations (Ciem- involves an event that permits expression from both paren-
tal alleles, presumably as a consequence or prerequisite oferych and Czolowska, 1993).
Global changes in DNA methylation have been observed the mechanism of imprinting. Further analysis of the devel-
opmental stage(s) involved in the erasure and subsequentin developing germ cells in the mouse (Kafri et al., 1992;
Ariel et al., 1994b). Interestingly, our data demonstrating acquisition of the parent-speci®c imprint in the male and
female germ line may provide an approach for identifyingthe temporal regulation of relaxation or ``erasure'' of im-
printed expression during male gametogenesis correlates the mechanism of imprinting.
with the decrease in the level of global methylation ob-
served from meiotic cells to elongated spermatids (del Mazo
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